Abstract
INTRODUCTION
Hepatocellular carcinoma (HCC) is the second leading cause of cancer-related death in men and the sixth leading cause of cancer death in women worldwide [1] . HCC in the context of a cirrhotic patient is unique as many factors have an impact on the type of treatment modality suitable for the individual patient, which in turn influence patient survival. These include tumor-related factors such as tumor size and extent (number and size of lesions) as well as patientrelated factors such as underlying liver function and performance status (PS). The Barcelona Clinic Liver Cancer (BCLC) staging system has been widely used since its inception for this purpose [2] , and is the preferred approach by many clinicians for more than a decade due to its treatment recommendations based on stage and its ability to offer predictions on patient survival [3, 4] . More recently, the Hong Kong Liver Cancer (HKLC) staging system [5] was developed.
Like the BCLC staging system, it also incorporates PS, underlying liver function and tumor stage in its treatment recommendations. Two main criticisms of the BCLC staging system are that it was derived from a relatively small cohort of patients and that it was derived from a predominantly Western population. This has resulted in a limited applicability in some settings [6, 7] . In comparison, the HKLC staging system was developed from a larger cohort of patients with predominantly viral etiology, in particular hepatitis B. The HKLC staging system is arguably more aggressive in its treatment recommendations, assigning intermediate stage tumors (for example HKLC stage IIb) to curative treatment, whereas these patients would have been assigned to palliative treatment under the BCLC staging system. Intuitively, more aggressive treatment of HCC will lead to better survival rates for patients stratified by the HKLC staging system. However, this hypothesis requires external validation, and there are limited large scale studies comparing the two staging systems in terms of prognostication and treatment recommendations [8] . Singapore is a multiethnic Asian country where HCC is the fourth most common cancer in males and the second most fatal cancer [9] . Most clinicians have adopted the BCLC staging system as it is more wellestablished [10] , although the predominant etiology of HCC in Singapore is hepatitis B. The aim of our study was to compare the abilities of the BCLC and HKLC staging systems to correctly assign patients to curative treatment groups in real life and to prognosticate survival when applied to patients with HCC in Singapore.
MATERIALS AND METHODS

Patients
One thousand two hundred and seventy patients with HCC seen in the Department of Gastroenterology and Hepatology in the Singapore General Hospital, a tertiary-level medical center in Singapore, were studied. These patients were prospectively enrolled into a HCC registry since January 1988. The patients were enrolled upon diagnosis of HCC and were treatment-naïve at the time of enrollment. These patients were classified according to the BCLC and HKLC staging systems ( Figure 1A and B) . Patients assigned to the various tumor stages according to the BCLC and HKLC algorithms were divided into those who received treatment as recommended by the respective staging systems and those who did not.
The study protocol was approved by the Institutional Review Board and was conducted in accordance with the Declaration of Helsinki.
Data collection
Data of patients enrolled in the HCC registry were prospectively collected. Patient characteristics include age at diagnosis, gender, etiology, PS by Eastern Cooperative Oncology Group (ECOG) stage, and Child Pugh status. Tumor characteristics such as number of lesions, size of individual lesions, presence of vascular invasion and extra-hepatic spread were collected. In addition, treatment modalities received by the patient such as surgical resection, radiofrequency ablation, liver transplantation, transarterial chemoembolization (TACE), and TACE with drug-eluding beads were also captured in the HCC registry. Survival census with the Singapore National Registry of Births and Deaths was performed on 31 st October 2015.
Statistical analysis
Statistical analyses were done using SPSS version 21 (Chicago, IL, United States). Patients were grouped into the different stages according to the BCLC and HKLC staging systems. Survival rates for patients assigned to curative treatment by the respective staging systems were compared. Survival analyses were done by the Kaplan-Meier method. Differences in survival rates were compared using the log-rank test.
RESULTS
The median age at presentation of HCC was 63 years (range 13 to 94 years). 82.4% of the patients were male, and the majority were of Chinese ethnicity (89.4%), followed by Malays (7.1%), Indians (2.8%), and other ethnic groups (0.7%). Hepatitis B was the predominant etiology, accounting for 75% of cases.
7.2% of HCC cases had hepatitis C as the etiology, while hepatitis B and C co-infection comprised 3.8% of patients. Non-viral etiologies accounted for 14% of the patients. These findings, together with the Child Pugh class, are summarized in Table 1 . Both the BCLC and HKLC staging systems showed good differentiation in survival between the various stages, with the overall log-rank test showing significant survival differences between the stages (Figure 2A Patients who received the recommended curative treatment according to their respective assignments had a better median survival than those who did not (7.1 years vs 1.1 years, n < 0.001). This observation was consistent when the survival analysis was applied to individual BCLC stage 0 and stage A.
Survival based on assignment to curative treatment in the HKLC staging system
In contrast to the BCLC staging system, more patients (43.9%, n = 558) in our study were assigned to curative treatment by the HKLC algorithm (Stage I 28.6%, n = 363; Stage II 12.9%, n = 164; Stage Va 2.4%, n = 31). Of these 558 patients, 341 (61.1%) received curative treatment as recommended by HKLC algorithm, while the remaining patients did not receive HKLC staging system but who did not receive the recommended treatment were significantly older (median age 66 years vs 60 years, P < 0.001), had significantly poorer ECOG status (P < 0.001), and were also of poorer Child-Pugh status (P < 0.001) at the time of diagnosis of HCC, compared to patients [2] ; B: Hong Kong Liver Cancer (HKLC) staging system [5] .
Li 
Prediction of survival based on the BCLC and HKLC staging systems for patients assigned to curative treatment groups
Median overall survival in patients assigned to curative treatment by the BCLC and HKLC staging systems were 6.1 and 2.6 years respectively (P < 0.001) ( Figure  5 ). Among patients who received the recommended curative treatment by the respective staging systems, the BCLC system also predicted better overall survival than the HKLC system (7.1 vs 5.5 years respectively, P = 0.037) ( Figure 6 ).
DISCUSSION
HCC treatment in the setting of liver cirrhosis is not always straightforward, given the need to consider the underlying liver function and ECOG status of the patient in addition to tumor extent to determine the most appropriate treatment modality. Both the BCLC and HKLC staging systems were developed in different cohorts with the intention of taking all these factors into account when recommending the most appropriate therapy for HCC. Besides the different ethnicities and HCC etiologies of the populations upon which the BCLC and HKLC staging systems were derived, the BCLC staging system has often been criticized for being too heterogeneous in its definition of stage B as well as being overly conservative [11, 12] . This study adds further validation to both staging systems, as evidenced by the good separation of the survival curves when applied to our cohort of patients. In particular, it validates the BCLC system for prognostication of a multiethnic Asian HCC population with hepatitis B as the predominant etiology, a finding seen in few other studies to date [13] . Our study addressed the limitation of patients not receiving the treatment recommended. We examined the survival separately in patients who received and in those who did not receive the recommended curative treatment. We found significantly better survival in patients receiving the recommended curative treatment compared to those who did not despite assignment to the same stage in both staging systems. This demonstrated the validity of the curative treatment recommendations by both BCLC and HKLC staging systems in our population.
Of note, a significantly higher proportion of patients in our study were assigned to curative treatment by the HKLC staging system compared to BCLC (43.9% vs 18.9% respectively, P < 0.01). This is explained by the more aggressive approach by the HKLC staging system in the assignment of patients to curative therapy. For instance, the BCLC staging system utilizes PS as a veto factor to determine if a patient with HCC should be assigned to undergo curative treatment, and this has been criticized as one of its weaknesses. In contrast, the HKLC staging system collapses ECOG 0 and 1 patients into a single entity. In patients with early tumor, Child-Pugh B liver cirrhosis is also not a barrier to curative treatment. This effectively increases the pool of HCC patients being considered for curative treatment under HKLC staging, who would otherwise not receive such an assignment by the BCLC algorithm. These findings are similar to a recent study conducted in a separate Singapore center, where 57.3% (439/766) of patients were classified by HKLC into stages I, II and Va, while only 38.5% (295/766) were classified by BCLC into stages 0 and A [14] . However, despite the assignment, a significantly lower proportion of patients in our cohort classified by the HKLC staging system to receive curative therapy actually received the recommended curative treatment compared to BCLC (61.1% vs 85.8%, P < 0.001). This highlights important practical limitations in the application of the HKLC system in a real world setting. Certain forms of curative therapy, such as surgical resection, carry significant risk and morbidity, especially in patients with poorer ECOG status and more advanced cirrhosis. We postulate that this influenced both the managing physician's ultimate recommended treatment option and the patient's reluctance to accept treatment risks, resulting in a discrepancy between patients being assigned to curative treatment and those who actually received the recommended treatment. This is supported by the finding that patients who did not receive the recommended treatment were of older age, poorer ECOG status and worse Child-Pugh status within the patients assigned to curative treatment by the HKLC staging system. In addition, HKLC stage Va is curative liver transplantation therapy. Our liver transplantation program was set up only in 2014 and it was a small program in terms of numbers of transplantation done. Thus this also accounted for the less than expected patients receiving the assigned curative therapy. Nevertheless, even if we excluded the 31 patients who were assigned to HKLC stage Va (liver transplantation), there is still a significantly lower proportion of patients receiving curative treatment as recommended by HKLC staging compared to those similarly staged by BCLC (330/527 (62.6%) vs 206/240 (85.8%), P < 0.001).
At first glance, this difference in the proportion of patients receiving the curative treatment recommended by the respective staging systems could explain the significant differences in median overall survival between patients in the BCLC and HKLC curative stages (6.1 years and 2.6 years, P < 0.001). However, even when we looked only at patients who received curative treatment, patients assigned by BCLC still had significantly better median survival than HKLC (7.1 years vs 5.5 years, P = 0.037). This calls for further studies comparing the BCLC and HKLC staging systems to determine not just the prognostic predictability of the stages in each system, but the accuracy of the assignments as well.
In a review article by Maida et al [7] , studies investigating the performance of different HCC staging systems then available in the literature were compared. The general trend was that staging systems developed in Western centers performed better when applied to Western populations. In particular, the BCLC staging system was the best prognostic model in studies conducted in Italy [15] [16] [17] [18] , Spain [19] and the United States [20] . These studies compared the BCLC against other staging systems, including those from Asia such as the Okuda staging system. Indeed, the converse was also true, as staging systems derived from Asian populations tended to be the best prognostic model when tested in cohorts from Asian countries [21] [22] [23] . The HKLC staging system represents a staging system developed from a large Asian population. Since its development, there have been studies evaluating its validity. Similar to the trends illustrated HKLC tends to perform better in Asian populations [24, 25] . This was partly attributed to the predominance of hepatitis B in these Asian cohorts, as reflected in the study by Liu et al [25] that showed HKLC had better prognostic accuracy and therapeutic efficacy in hepatitis B-related HCC but not to hepatitis C-related HCC. Similarly, a study conducted by Adhoute et al [26] across two
French centers, where hepatitis C and alcohol were the predominant etiologies, failed to show a better predictive value of HKLC compared to BCLC staging.
In contrast, our study shows that the BCLC system is a better prognostic model than the HKLC system even though our population was of Asian ethnicity with predominantly hepatitis B-related HCC (Table 1) . A more recent study by Kim et al [8] looked individually at the BCLC and HKLC staging systems in a treatment-naïve Korean cohort, with the aim of investigating if survival is better if patients followed the recommended treatment by the respective staging systems. The findings in this study concurred with our study on 2 aspects: (1) the HKLC staging system could not direct therapy for a large proportion of patients; and (2) survival was better in general when patients in the early stages of either staging system received the recommended treatment, that is, curative therapy for HCC. However, our findings differ in that the BCLC staging system was able to direct curative treatment accurately for the vast majority (85.8%) of patients assigned to curative therapy groups, leading to drastically improved median survival times as demonstrated in Figure 5 . This is in contrast to the findings by Kim et al [8] , where only 49.5% and 55.6% of the population studied received the recommended therapy by BCLC and HKLC respectively. Moreover, our study compared the median survival of patients between the 2 staging systems when they were assigned to curative therapy, and further analyzed this trend when only patients who actually received the recommended curative treatment by either staging system were studied ( Figure 6 ). In both instances, the BCLC staging system proved to be superior in predicting survival.
Our study has several limitations. Firstly, given the retrospective nature of this study, it was not possible to determine the exact reason why patients did not adhere to the treatments recommended by the BCLC and HKLC staging systems. We attempted to elucidate possible causes by examining differences in age, ECOG and Child-Pugh status between patients receiving and not receiving recommended curative treatment as assigned by the HKLC staging system. However, this cannot accurately pinpoint if the discrepancy was due to hesitancy on the part of the physicians to follow the treatment recommendations due to the clinical condition of the patient or patients declining curative treatment for other reasons, such as an unwillingness to accept the risks, financial constraints or social considerations. Moreover, it was also not possible to tell if other co-morbidities precluded certain curative treatment options, for example a patient with significant pulmonary hypertension or valvular heart disease would be a high risk candidate for surgery but still have a good ECOG and Child-Pugh status at the time of diagnosis of HCC. This was also the conclusion in the study by Selby et al [14] , where nearly half of the patients did not follow treatment recommendations by either staging system due to patients' personal and physicians' professional decision. Secondly, therapies have evolved and so have the techniques and experience of physicians, surgeons and interventional radiologists over the three decades of our HCC registry. This could mean that the morbidity and mortality from the same treatment diminishes with time, given improvement in techniques and experience of the managing multidisciplinary team over the years, making accurate comparisons in survival difficult.
The strengths of this study are a large population of HCC patients that are well-characterized and studied over a long follow-up period. In addition, the survival data was robust as it is based on census by a national registry of deaths.
In summary, our study showed that the BCLC staging system performed better in predicting overall survival compared to the HKLC staging system in our cohort. This difference could be explained by the limitations in applying the more aggressive HKLC treatment recommendations in real life, as a lower proportion of patients than otherwise predicted by HKLC staging eventually received curative treatment. Moreover, the differences in survival when the survival analysis was performed according to patients receiving the recommended curative treatment highlight the need for continued refinement of these staging systems to ensure patients are appropriately directed to curative therapy, especially as new treatment modalities evolve and our collective experience in treating HCC increases.
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COMMENTS
Background
Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related mortality worldwide. It is important to accurately stage tumours according to patient characteristics, liver function and tumour extent, to determine the appropriate therapy. Both the Barcelona Clinic Liver Cancer (BCLC) and and newer Hong Kong Liver Cancer (HKLC) staging systems were developed for this purpose, although there are significant differences in the cohorts from which they were derived and the variations in treatment recommendations for different stages, in particular intermediate tumours. There have been limited large scale studies comparing the two staging systems in terms of their abilities to assign treatment recommendations accurately and for prognosis of survival.
Research frontiers
The BCLC staging system has been criticised for being too heterogeneous in its definition of Stage B, as well as being overly conservative in its treatment recommendations. In contrast, the newer HKLC staging system offers a finer stratification into 5 main stages with Stages II to V having 2 sub-stages each, the treatment recommendations being tied closely to the 9 eventual stages from this algorithm. It is also arguably more aggressive in its curative treatment recommendations. With a more detailed algorithm derived from a larger cohort of patients and more aggressive treatment recommendations which have taken into account advances made in HCC research since the introduction of the BCLC staging system, it is intuitive to expect that the HKLC staging system will lead to better survival rates. However, this hypothesis still requires external validation. This study aimed to compare the abilities of the BCLC and HKLC staging systems to correctly assign patients to curative treatment groups in real life and to prognosticate survival when applied to patients with HCC from a multi-ethnic population with hepatitis B as the predominant etiology in the largest tertiary-level centre in Singapore.
Innovations and breakthroughs
The general trend from published studies investigating prognostic models in HCC shows that staging systems developed in Western centres tend to perform better when applied to Western study populations. The converse is also true, with more recent studies showing that HKLC tends to perform better in Asian populations but not necessarily in Western populations. This was partly attributed to the predominance of hepatitis B as the underlying etiology in Asian populations, which corresponds to the study population from which the HKLC staging system was derived. This study investigated a large cohort from an Asian population which was well-characterised and studied over a long follow-up period, with robust survival data based on an updated census by the national registry of deaths. It showed that the median overall survival in patients assigned to curative treatment by the BCLC staging system was significantly higher than those assigned to curative treatment by HKLC (6.1 and 2.6 years respectively, P < 0.001). Although a significantly higher proportion of patients in our study were assigned to curative treatment by HKLC compared to BCLC (43.9% vs 18.9% respectively, P < 0.01), BCLC was more accurate in directing therapy, with a significantly higher proportion of patients assigned to curative therapy receiving the recommended curative treatment compared to HKLC ( 85.8% vs 61.1%, P < 0.001). Thus, BCLC performed better than HKLC in terms of accuracy in assigning curative treatment and for prognosticating survival in a real-world setting. This could be due to the limitations in applying the more aggressive HKLC recommendations in real life, as reflected by the lower proportion of patients who eventually received curative treatment after being assigned to receive curative therapy by this staging system. Moreover, when only patients who received the recommended curative treatment were compared, BCLC still predicted better overall survival than HKLC (median survival 7.1 and 5.5 years respectively, P = 0.037).
Applications
This study highlights the need for continued refinement of the different staging systems for HCC to ensure that patients most likely to benefit from curative therapy are appropriately as such. This is especially true as new treatment modalities evolve and our collective understanding of HCC increases.
Peer-review
The topic is one of great interest today. They would insist more about the fact that the criteria raised in the HKLC system remain to be further adjusted and verified. The BCLC system, although widely used was created based on several small Western cohorts of patients with predominant alcoholic liver disease and hepatitis C related HCC. The system which links stage stratification with corresponding therapeutic recommendations was criticized for being too COMMENTS restrictive, having in mind for example, that liver resection is recommended only to the patients with early stage tumors, or the fact that patients with cancerrelated symptoms should be classified as advanced HCC. More, recent papers argue that this system is indeed able to provide accurate outcome prediction and treatment recommendations for HCC patients with hepatitis B virus as the predominant etiology. The HKLC staging system recently proposed has been show to achieve better prognostic ability and to identify subsets of patients for more aggressive treatment (intermediate and advanced stage patients) in Eastern population, with hepatitis B as main etiology. The improved stratification of the patients with intermediate-to-advanced stage using the triad of tumor size, number of nodules and tumor thrombus seems to offer to this patients with multiple tumors the possibility to achieve a better outcome if they receive hepatic resection following HKLC criteria. It worth mentioning that this is still a controversial point, if they keep in mind regarding the patients with multiple tumors the problem of cancer genetic heterogeneity.
